ABSTRACT
INTRODUCTION
Unlike the naturally commutated inverter which utilizes the reverse biasing line-to-line voltage for thyristor turn off, the forced commutated inverter produces a negative voltage across the thyristors usually by charging capacitors.
This seems quite attractive because the inverter can be made to operate at very large firing angles and thus reduce reactive power requirements at the inverter.
After analyzing many techniques for forced commutation, Busemann [1] has concluded that the series capacitor commutated inverter [ Fig. 1 The work is meant as a guideline for further study and makes no economic analyses.
The study suggests that this type of inverter seems attractive for inverting into weak ac systems from a tap on a HVDC line.
BASIC OPERATION
The operation of the circuit is available in literature [1, 2, 3, 5] and is only summarized here.
Referring to Fig. 1 , and assuming that the dc-current is essentially constant, and that the system is operating in steady-state with thyristors Tl and T2 in conduction, the following events take place: The representation used is as in Fig. 1 
where X is the vector of state variables (the minimal set of variables such as inductor currents, capacitor voltages etc., which if known at any given instant allow unambigous solution of the system, given inputs from that instant onwards), u the vector of inputs, and Y the required outputs. Fig. 2a shows the block diagram of the representation. For the solution, equation la is integrated numerically with small time steps (A,t) to update the value of X as in equations 2a and 2b.
The inverter was therefore modelled in the state variable form.
Another advantage of this approach is that it allows for the 'plugging in' of sources of the most general type, without making any modification to the inverter's SV representation. This is shown in fig.  2b . The 'source' may be another system with its own state variables Z (which may themselves be dependent on the inverter's SVs X as well as certain inputs p). The resulting state equations are then: Ild Figure 4 shows the overall program organization. The bookkeeping routine keeps track of which phase is conducting, which phase is to take over conduction and so on. In the 'direct solution' part of the model, the inverters SEs are solved directly (in between commutations). The 'overlap calculation' routine numerically integrates the SEs. A variable ISS is set to 1 for a steady state solution and to 0 for a transient solution over the first few commutation intervals. The 'oCControl' block supplies firing angle information to the main program. The block labelled 'source calculation' contains the SEs of the 'source' system. The flexibility is evident from the organization. For example, only the ' oC control' block need be changed to investigate various firing angle control strategies, and only the 'source calculation' block need be modified to investigate the inverter's operation into weak systems. The program was applied to some of Reeve's studies (4) and yielded precisely the results obtained by him.
P.U. System
The problem of having a consistent per unit system always comes up in HVDC studies. Here, the same repre- Eor normal operating conditions (1 p.u. voltage, 1 p.u. current, Xc =lp.u., X1=0.18 p.u., firing angle oC = 1800), the system was found to be practically immune to such faults. This is not surprising, because a collapse of source voltage does not affect commutation to a very great extent, as it is the voltage on the capacitors that is primarily responsible for the commutation. In fact for firing angles in excess of 1800, a three-phase fault actually enhances commutation, because the unfaulted source voltages impede commutation.
HARMONICS
The results from the computer model are stored in an array which represents their values as a function of time.
Thus, after the program stablized to steadystate operation, the dc voltage and ac current values were available as functions of time.
Thus taking a Fourier series and finding the harmonics was an easy matter (carried out in the block labelled 'further calculations' in Figure 4 ).
These harmonics have been plotted in figures 5b and 5c. Figure 5a shows the dc voltage waveform, which is rich in harmonics, a result to be expected from the capacitors in the circuit.
The ac harmonics are of the same order of magnitude as those in a naturally commutated inverter, and so the filtering requirements are similar.
The percentage magnitude of the various harmonics are almost constant with current (Fig. 5c) The change is completed in k commutations. The n in the above equation represents the nth commutation after the change begins. The kth commutation takes place at the final time tf, when the desired final firing angleoCf is reached.
The problem is to find the minimum k, which means the minimum number of steps in which the firing angle can be changed.
The program proceeds as follows:
1. An attempt is made to change the firing angle in one step (k=l) which usually fails) 2. k is incremented, and the simulation repeated 3. This continues until commutation is successful and the converter stabilizes at its new firing angle. This analysis gives an indication of the kind of information required to design a controller for firing angle changes.
OPERATING INTO WEAK SYSTEMS
This study looks into the possibility of using this inverter to operate into a system of low short circuit capacity.
The inverter station considered is a 10% series tap on the HVDC line (as in Fig. 8 ). This inverter seems more suited for a series tap because:
The time stepped numerical integration method used in the digital computer program easily permits this, which is effected through the block labelled 'oCcontrol' The study is meant only to be indicative, because any actual system would have filters and also a more detailed representation.
For the. simulation, the weak system has been represented in SE form in the block labelled 'Source Calculations' in Figure 4 
